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1
PROGRAMMABLE LOGIC CONTROLLER

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a National Stage of International Application No.
PCT/IP2011/056795 filed Mar. 22, 2011, the content of all of
which is incorporated herein by reference in its entirety.

FIELD

The present invention relates to processing when a com-
munication anomaly has occurred in an internal bus in a
programmable logic controller.

BACKGROUND

Conventionally, building-block-type programmable logic
controllers constructed of multiple units have been used in the
field of factory automation. As to programmable logic con-
trollers, a technique has been proposed, in which a connection
state of a bus between a programmable logic controller and an
external device is detected by a hardware circuit and resultant
information is stored in a CPU (refer to, for example, Patent
Literatures 1, 3 and 4). Further, for example, in Patent Litera-
ture 2, a technique is proposed, in which states such as dis-
connection or short-circuiting of connection between an input
slave unit of a programmable logic controller and an external
device are detected, and the place where a communication
anomaly exists is identified.

CITATION LIST

Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. 2008-269013

Patent Literature 2: Japanese Patent Application Laid-open
No. 2005-149294

Patent Literature 3: Japanese Patent Application Laid-open
No. 2010-55384

Patent Literature 4: Japanese Patent Application Laid-open
No. 10-74104

SUMMARY
Technical Problem

Anomaly detection according to the conventional tech-
nique can be applied in the case where the paths of bus signals
are formed by connection via a single connector or a back-
plane base unit and a CPU unit and units each have an inde-
pendent internal bus. In a so-called baseless-type system con-
structed to have units directly coupled with each other, the
paths of bus signals are connected via the unit, and a CPU unit
and the other units completely share an internal bus. If
anomaly detection according to the conventional technique
system is applied to the system wherein an internal bus is
completely shared, then communication anomalies in the
internal bus can be detected, but the problem occurs that it is
difficult to identify anomaly places.

The present invention was made in view of the above-
mentioned circumstances, and an object thereof is to provide
a programmable logic controller that can accurately identify
the place where a communication anomaly has occurred in
the internal bus.

Solution to Problem

In order to solve the above-mentioned problems and
achieve the object, the present invention provides a program-
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2

mable logic controller comprising: a CPU unit; various kinds
of units controlled by the CPU unit and coupled via common
connectors; an internal bus provided extending through the
CPU unit and the various kinds of units to connect the CPU
unit and the various kinds of units; and a bus interface pro-
vided in each of the various kinds of units in common and
holding anomaly detection data for detecting an anomaly in
the internal bus, wherein the CPU unit checks the anomaly
detection data read out from the bus interface of each of the
various kinds of units, thereby to detect an anomaly place in
the internal bus.

Advantageous Effects of Invention

According to the present invention, an anomaly place in an
internal bus can be determined in a system wherein a CPU
unit and units completely share the internal bus by applying a
bus interface thereto. Therefore, the place where a commu-
nication anomaly has occurred in the internal bus can be
accurately identified.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing the configuration of a
programmable logic controller according to an embodiment
of the present invention.

FIG. 2 is a flow chart for explaining a procedure for diag-
nosing a communication anomaly in an internal bus by the
programmable logic controller.

DESCRIPTION OF EMBODIMENTS

An embodiment of the programmable logic controller
according to the present invention will be described in detail
below with reference to the drawings. Note that the embodi-
ment is not intended to limit the present invention.

Embodiment

FIG. 1 is a block diagram showing the configuration of a
programmable logic controller according to an embodiment
of the present invention. In the present embodiment, a pro-
grammable logic controller which comprises a basic block 11
and two extension blocks 12 and 13 is taken as an example.
The basic block 11 and the extension block 12 are connected
via an extension cable 8. The extension blocks 12 and 13 are
connected via an extension cable 8.

The basic block 11 has a CPU unit 1, and various kinds of
units, that is, a branch unit 6, input/output units 2 and an end
cover 4. In the basic block 11, the various kinds of units are
directly coupled via common connectors 3.

The extension block 12 has various kinds of units, that is,
an extension unit 7, a branch unit 6, input/output units 2, and
an end cover 4. The extension block 13 has various kinds of
units, that is, an extension unit 7, input/output units 2, and an
end cover 4. In the extension blocks 12 and 13, the various
kinds of units are directly coupled via common connectors 3.

The CPU unit 1 controls the entire programmable logic
controller including the units of the blocks 11,12, and 13. The
input/output unit 2 performs operations such as reading in
input data from various kinds of input devices (not shown)
and sending out output signals to various kinds of output
devices (not shown). The end covers 4 are provided at ends of
the basic block 11, and the extension blocks 12 and 13. The
end cover 4 is a unit that performs a termination process for a
system. In the basic block 11, an internal bus 5 is provided
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extending through the CPU unit 1, the branch unit 6, the
input/output units 2 and the end cover 4 to connect them in
series.

The branch unit 6 provided in the basic block 11 makes the
internal bus 5 divide into a part on the input/output unit 2 side
in the basic block 11 and a part on the extension cable 8 side.
The extension cable 8 connects the branch unit 6 in the basic
block 11 and the extension unit 7 in the extension block 12.
Extension-cable detachment detection signals 10 pass
through the extension cable 8.

In the extension block 12, the internal bus 5 is provided
extending through the extension unit 7, the branch unit 6, the
input/output units 2 and the end cover 4 to connect them in
series. The branch unit 6 provided in the extension block 12
makes the internal bus 5 divide into a part on the input/output
unit 2 side in the extension block 12 and a part on an extension
cable 8 side. The extension cable 8 connects the branch unit 6
in the extension block 12 and the extension unit 7 in the
extension block 13. Extension-cable detachment detection
signals 10 pass through the extension cable 8. In the extension
block 13, the internal bus 5 is provided extending through the
extension unit 7, the input/output units 2 and the end cover 4
to connect them in series.

The various kinds of units in the programmable logic con-
troller, that is, the input/output units 2, the end covers 4, the
branch units 6 and the extension units 7 each comprise a bus
interface (I/F) 9 provided in common with each other. In each
unit, the bus I/F 9 is connected to the internal bus 5. The bus
1/F 9 holds anomaly detection data for detecting an anomaly
of'the internal bus 5. The anomaly detection data of the bus I/F
9 can be transmitted via the internal bus 5.

A register for diagnosing the internal bus is provided in the
bus I/F 9. The CPU unit 1 accesses the register of the bus I/F
9 to read and check the anomaly detection data, thereby
detecting an anomaly place of the internal bus 5 point by
point.

Also, a register for holding extension-cable detachment
information for detecting the detachment of the extension
cable 8 is provided in the bus I/F 9. The bus I/F 9 has the
extension-cable detachment information holding register
connected to the extension-cable detachment detection sig-
nals 10 and thus detects the connection state of the extension
cable 8 to obtain the extension-cable detachment information.
The extension-cable detachment information of the bus I/F 9
can be transmitted via the internal bus 5. The CPU unit 1
accesses the register of the bus I/F 9 to read out the extension-
cable detachment information. The CPU unit 1 detects the
connection state of the extension cable 8 point by point from
the read extension-cable detachment information.

The extension-cable detachment detection signals 10 are
pulled up in the branch units 6 from the extension unit 7 via
the extension cable 8. When the extension cable 8 is detached,
the extension-cable detachment detection signal connected to
the bus I/F 9 becomes a high level, and the extension-cable
detachment information is stored in the register for detecting
extension-cable detachment in the bus I/F 9. The extension-
cable detachment detection signals 10 are placed at both the
left and right sides of the extension cable 8. Hence, even if the
extension cable 8 is half detached, that is, one of the detection
signal lines at both the left and right sides is detached, it is
possible to detect that the extension cable 8 is detached.

The configuration of the programmable logic controller is
not limited to cases described in the present embodiment. For
example, the number of extension blocks provided in the
programmable logic controller is not limited to two, but may
be any number. The number of input/output units provided in
each block may be any number. Further, the various kinds of
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units provided in the programmable logic controller may
include other units than those described in the present
embodiment.

FIG. 2 is a flow chart for explaining a procedure for diag-
nosing a communication anomaly of the internal bus by the
programmable logic controller. The CPU unit 1 determines
whether or not a communication anomaly has occurred in the
entire internal bus 5 in the programmable logic controller
(step S1). The CPU unit 1 reads out the anomaly detection
data from the bus I/F 9 of each end cover 4, for example, so as
to determine whether or not a communication anomaly has
occurred in the internal bus 5. If a communication anomaly
has not occurred (No at the step S1), the CPU unit 1 ends the
process.

The communication anomaly in the internal bus 5 may be
due to detachment of the branch unit 6, detachment of the
extension cable 8, or detachment of any of the various kinds
of units other than the branch units 6.

Here, description will be made taking a communication
anomaly in the extension block 12 as an example. If a com-
munication anomaly has occurred (Yes at the step S1), the
CPU unit 1 reads out the anomaly detection data and the
extension-cable detachment information from the bus I/F 9 of
the branch unit 6 of the basic block 11 located at a stage prior
to the extension block 12 (step S2). The CPU unit 1 deter-
mines from the read-out anomaly detection data whether or
not the branch unit 6 is detached (step S3).

If determining that the branch unit 6 is detached (Yes at the
step S3), the CPU unit 1 outputs an error notification to the
effect that the branch unit 6 of the basic block 11 is detached
(step S7) and ends the process. If determining that the branch
unit 6 is not detached (No at the step S3), the CPU unit 1
determines from the read-out extension-cable detachment
information whether or not the extension cable 8 is detached
(step S4).

If determining that the extension cable 8 is detached (Yes at
the step S4), the CPU unit 1 outputs an error notification to the
effect that the extension cable 8 between the basic block 11
and the extension block 12 is detached (step S8) and ends the
process. If determining that the extension cable 8 is not
detached (No at the step S4), the CPU unit 1 reads out
anomaly detection data from the various kinds of units of the
extension block 12 to identify a detached unit (step S5). The
CPU unit 1 outputs an error notification to the effect that the
identified unit is detached (step S6) and ends the process.

In the case of communication anomaly in the extension
block 13, the CPU unit 1 further determines whether or not
the branch unit 6 of the extension block 12 located at the stage
in front of the extension block 13 is detached. Further, the
CPU unit 1 determines whether or not the extension cable 8
between the extension block 13 and the extension block 12 is
detached. Yet further, the CPU unit 1 identifies a detached unit
from among the units of the extension block 13.

In the case of communication anomaly in the basic block
11, the CPU unit 1 identifies a detached unit from among the
units of the basic block 11. The programmable logic control-
ler, for example, regularly carries out the diagnosis of com-
munication anomaly described in the present embodiment, or
the programmable logic controller may carry out the diagno-
sis of communication anomaly described in the present
embodiment according to operation by a user.

The CPU unit 1 identifies the unit or the extension cable 8
in which a communication anomaly has occurred and makes
an error notification or the like by, e.g., a monitor and thereby
can immediately make notification of the place where a com-
munication anomaly has occurred. The CPU unit 1 may iden-
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tify a failed unit according to a diagnosis procedure similar to
that for identifying a communication anomaly place in the
internal bus 5.

With the bus I/Fs 9 being used, the programmable logic
controller according to the present embodiment can deter-
mine, by the CPU unit 1, anomaly places in the internal bus 5
in the system wherein the CPU unit 1 and the units completely
share the internal bus 5. Further, the programmable logic
controller holds the extension-cable detachment information
in the bus I/F 9 of'the branch unit 6 and thereby can detect, by
the CPU unit 1, whether or not the extension cable 8 is
detached. Hence, the programmable logic controller can
accurately identify the place where a communication
anomaly has occurred and improve troubleshooting.

As to the detachment of the extension cable 8 at system
startup, the programmable logic controller may treat it as
normal, not a communication anomaly. For example, if the
user desires future system extension, the programmable logic
controller can be configured with the extension cable 8 being
detached. Hence, the system construction with greater
degrees of freedom is possible for the programmable logic
controller.

REFERENCE SIGNS LIST

1 CPU unit

2 Input/output unit

3 Common connector
4 End cover

5 Internal bus

6 Branch unit

7 Extension unit

8 Extension cable

9 Bus I/F

10 Extension-cable detachment detection signal
11 Basic block

12, 13 Extension block

The invention claimed is:

1. A programmable logic controller that includes a basic
block and an extension block coupled to the basic block via an
extension cable and has a baseless structure, comprising:

a CPU unit provided in the basic block;
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various kinds of units controlled by the CPU unit and

coupled via common connectors;

an internal bus provided extending through the CPU unit

and the various kinds of units to connect the CPU unit
and the various kinds of units; and

a branch unit that is one of the various kinds of units which

makes the internal bus divide into some parts, one of
which is connectable to the extension cable,

wherein the various kinds of units each comprise a bus

interface holding anomaly detection data for detecting
an anomaly in the internal bus,

the bus interface of the branch unit further holds extension-

cable detachment information for detecting detachment
of the extension cable, and

the CPU unit, when determining that a communication

anomaly has occurred in the internal bus, detects a con-
nection state of the extension cable from the extension-
cable detachment information read out from the bus
interface of the branch unit, and when determining that
the connection of the extension cable is normal, checks
the anomaly detection data read out from the bus inter-
face of each of the various kinds of units, thereby to
detect an anomaly place in the internal bus.

2. The programmable logic controller according to claim 1,

wherein the CPU unit determines whether or not an

anomaly exists in the internal bus in the branch unit from
the anomaly detection data read out from the bus inter-
face of the branch unit before detecting the connection
state of the extension cable.

3. The programmable logic controller according to claim 1,
wherein when determining that a communication anomaly
exists in the internal bus, the CPU unit identifies a unit of the
various kinds of units or the extension cable in which the
communication anomaly has occurred and makes an error
notification.

4. The programmable logic controller according to claim 2,
wherein when determining that a communication anomaly
exists in the internal bus, the CPU unit identifies a unit of the
various kinds of units or the extension cable in which the
communication anomaly has occurred and makes an error
notification.



